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FOREWORD
: j	 ,
This report presence final resulCs of a study Co develop and make
.^	 operational a microcompuCek' controlled radiant Beat lamp test fac e
 'ty for
the purpose of testing hemt rate. sensors and thermal insCrumentati;
devc^lopittent. Tt1e ^rork was performed by Garl J. Wojcirchowslti, laroject
engineer, of Ct,e Systems Engineering Section and Kenneth It. Shrder of the
	
^
'	 InscrumenCaCion DevelopmenC &Application Section. of Lhe LocRheed-HunCsville
	
'^	 Research & :Engineering Center under NASA Contract NAS8-3322.
The period of performance of Chis study was from July 1980 thraugb 9
April. 182,
The NASA Contracting Officer's Representative for this contract was Mr.
W. T3. White, EC23.
i^...
±^,
^,
o
1	
^	 _
^^
{
^^
	^ LOGKHEEA-HUNTSVTLLE RESEARCH b RNGTNEERING CENTER
^^
.. ^
^,..r_ ,_
-^_
1
.	
__,
	
-	 ...,^.,.
	
_
	
^.;	 I^MSC-liREC TR D7$48Q0
CONTENTS
`	 Section	 rya
EOfiEWORD	 ii
1	 zNT1t4DUCTI4N	 ^'
2	 TECHNICAL DISCUSSION	 2
2.1 First Phase Effart - InteBration and
Software for Thermal Test of Heat
Rate Sensors	 2
2,2 Second Phase Effort - ET Foam Paint `1'esCS	 15
	
,^	 ^	 CONTRACT AND SUMMARY CONCLUSIONS 	 32
{,
Appendix
	
'^	 A	 Csl^.bration Test Plait	 A-1
.J
	^'	 LIST OF TABLES
'.C:ib le
1	 ET 7.'hermal Simulation Test Run Schedule per
NASA-riSFG
	
14
	
;;	 LIST OF FIGURES
F..
^^	.^	 ^,	 l^ficracomputer Controlled Radiant Lamp Test Facility 	 4
2	 1'hotoEra^h of L"1' TnstrumenCat^,on Islam. Tnstal.l.ed
an LN2 Tsnlc	 5
	
'} ^	 3	 Photograph Showinb LN 2 Storage Tank	 6
^.
4	 Feat ::ate vs rime far Tra3ectory 21	 8
	
"'	 S	 Hest Rare vs Tirne for Trajectory 22	 9
(i	 heat hate vs Time for Trajectory 172	 10
	
e	 '^^_,
i
	
'	
l
X
Laf:ICNEEp • HUN7SVIll,E R^SEARCN b ENGINEERING CENfiER
.,.
'{
T
I
i
f
1
!^
f
I
I
t
i
Q
LMSC-HRBC 'rR D7848Q0
iv
t^xsT o^ FxcuRi;s (concluded)
I"'i ure Pa e
7 Co,upnr3.sox^ of Finite 1].ement '1'liarn,ti:i. Tlodel I2asu^,Cs
acre! Tit-DepCli Te,ni^exatur^ Data far Haat Rate Level
0.25 ^ "rear. s^,HGH l8
8 Comparison oC F^.n^,^e Ilem^nt Thermal rbdel Results
nncl Tn-l^pth x'etnperaturQ DAta :Cat Hnar Rate Level
q .75, 'rest SLf36D 19
9 CPR-488 and PllL- x+034 Sp+^ciE3c Heat vs Temperature 21
14 Cl'lt-488 'i,'l^extual Conductiv3.ty vs xemperaturo 22
^^, Campar3son o.^ roam Surface x'^mperr^ture Aata and
"rilern,al Model Results ^4
12 External Tank Con^i$uration 25
1^ 515,E Nom^.nal Heat Load. on Liciud Hydrogen Tank 27
l.G S7.'S-? Calculated. I^omina]. Heat Load. -External
'rank (0 deg) 28
15 Sx'S-2 Calculated. Nominal Heat Load -» 1:.^^ernal
TaYlk (GQ deg) 29
1G Sx'S-^ Ca],c^ulated Nominal Hutt Load ^- Rxternal
Tank (90 and 270 deg) 30
17 L7' i'Ant 'rl^ielcness E^kect ott Su^-tace Temperature 3l
I.QCKHE^ p
 • NUNTSVII.I^ R^SEA^CH S ENGINEERING CENTER
_.	 ,,^^ j-___..._____-
.f
^,^
.^
a.
x
:^
r
r
i
i
^ ►^tsC-^N1t1rC TEt u78 ►^ 8QQ
Section
INTRpUUCTYdN
lnstrumelltatian islands axes installed aboard. the Space S ►tuttle gxter ►tal
T^► ttk to n►+ensure ther ►nal flight parameters during ascent. Analytical thermal
models o,C these islands Itad to be verified a ►td compared wilt ground. test
data i ►t order to retrieve tl►e valuaule flight data. Th^.s situation created
a deed to conduct a► test in a ►11i Gracaipputer co ►1tralled lt+eat test Caciliiy.
Lockheed assisted. MST'C in perfotim ►ing these tests by: ^^.) deveYopng and
►r:zkng operational h ►nicroco ►^tputer controlled radiant heat facility; (2)
providing, soEtwt^te Cc^►r the faciity, (3^ perforating tlt^a acala:ty
calibration; (G) performing fife E7' island. tests; (5^ {aerforn► ing posC-Cent
calbratio ►ts, a ►ul; CG) reducing the data to +e ►tgiuc±erng units and verifying
tl►e accuracy of the data. In addition, Lockheed-Huntsville provided a
software packs►ge for the liP 98?5 controller for development Cests on the Sltli
actttat^ar tail stock.. Thc^ program recorded data (pressure, te ►nperature^
strain gage: output and. time) as specified and provides far ►natted output as
r^^quiretl far data analysis.
Aclelit.attal testing .
 was ca ►tducted with. the test facility to determine
the temperature a ►►d heat flux race and lands required to effect a change of
color in the >'a' tank external faint. 'l'lts requires ►eat resulted. from the
review of photographs taken of the ET at separation from t;,he arbiter which
sh pr^c?d that 75^ oC the external tank paint coating had not changed colon
:Cram its. original white color. Tire paint oft the remai ►ling 2S^ of tits tank
was either brown or black s indicating tytat it lead. degraded due to heating or
that tho Spray t7n l:aam. Insulatian (SOFT) had receded in these areas.
This report contains a discussion, of the devexrapmenb of the facility
t►nd its aperaational. cepnba .li,ty. ^t e^,so discusses the vaxaus tests which
were conducted and their results.
1
LQCKHE>^A-HUNTSVILLE RESEAItCEI 5 .ENGINEEItYNG CSN`1'glt
. 
_ ,,__:^
__	
e_.r__._m	 ^,_	 M	 .-	 _._._.__
r	
_
LMSC-HREC TR D784800
r
Section 2
^^,
TCCHNICAL DISCUSSION
The effort under this contract was conducted basically in two phases.
The first phase involved developing a microcomputer controlled radiant heat
test facility. Calibration data for the Space Shuttle (SS) External Tank.
^^	 (ET) instrumentation islands wore obtained using the facility. The software
e:;perience gained from developing this facility enttble^ Lockheed-Huntsville
^' t'	 to provide software support, at minimal expense to MSFG, for the SS Solid
^^`	 Rocket BoosteL (SRB) actuator tail stock development tests.
,,
The second phase of the effort. involved conducting tests using tl^e
...	 radiant Beat test facility otz ET :foam test specimens to determine surface
temperatuxes and heat flux levels required to char the surface paint finish.
^.
2.1 FIRST PHASE EFFORT - INTEGRATION AND SOFTWARE FOR THERMAL TEST OF NEAT
.RATE SENSORS
.^
The capabilities of the available GFE microcomputer components and test
^ s	hardware were compared with the thermal test requirements. Several.
^^r	 deficiencies were noted. Lockheed purchased and delivered to the test site
^-H
in MSFC Building 4755, Raom 122, the following. items:
1. A 330 A, 277 V, ac single phase power regulator with voltage control..
2. An additional input data capability for the Hewlett Packard. data.
acquisition system, in particular, a field installation kit for 20
'"	 additional Channels.^=
2
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^*	 Z'he original ^E"E, lQ i,n. by 1Q in. lamp array which was not water 000led
was deemed inadequate for the current test program. Therefore, Lockheed
located within ^1SFC and acquired from Mr. Rick ^3achtel, EP44, a 18 in. by 18
in. lamp bank array with water cooled reflectors Cor use in this test
program. This new array is capable of long test times. The lamp bAnk array
^ k
	was refurbished as the array had not used for several years.
TO simulate the cold propellant tank (heat sink) on which the LT
instrumentation islands are mounted, MSFC furnished a liquid nitrogen
(Ltl2 ) tank with approximate dimensions of .^9 in. by 41 in. by 13 in.
Lockheed fabricated. a test bed on which the lamp bank array and LN 2
 tank
was mounted. Ttie entire test bed was designed to rest on a table under an
overhead hood. NASA-ri5FC provided a curtain enclosure to direct any smoke
into the hood which may be generated during testing. The exhaust fan. is
^..	 capable of handling 5(? scfin airflow, and provided an air exchange rate of
,^^	 twine a minute for -the curtain entrained air:
^,
A photograph of the completed test facility is shown. in rig. 1.
5gnifcant hardware components are called. out on the photograph. rgure 2
^.
is a closeup photograph of the. ET island test area, and shows the ET
instrumentation island installed on the LN 2
 tank, the radiant lamp bank
,.
^`	 which is turned 1$0 deg and in the calibration position, the calibration
test fixture which simulates file instrumentation island and :the feedback
'^:^ control calorimeter. 	 Figure 3 shows the MSFC-supplied LN 2
 storage tank.
,.^. As presently set up, with a lamp to target distance of 3 in., the lamp bank
''^ array is capable of applying a maximum heat. rate of 12 . 8 BCu/ ft2-sec to
the test sample.
	
This level is more .
 than adequate to accomplish the test
s
objectives.
	 The microcomputer is programmed so Chat it will control the
heat rate output of the lamp bank based on the feedback calorimeter
reading,
	 ',^t ►e calibratiott plate consisted of n► 1-in. thick phenolic plate
with five water cooled. calorimeters installed one at the center	 and four,	 ,
^
!
^.
calorimeters at the identical ET instrumentation island locations.
	 The
N
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position nt thQ fe edb^^ck calorimeter was adjusted and .its signal gains also
' adjusted so that its indicated heat flux level was identical to the
^^
center calori^aeter reading. 	 ^igur^as G through ^ demonstrate the ability of
^^ fife lamp bank contra! computer to follow a prescribed beat flux time
history.	 The dotted lips an each figure represents the desired heat flux
profile for ttte i,s].and cent@r.	 'fhe solid line indicates the actual. heat flux
profile obtained by the center calorimeter.	 The dashed line is the feedback
calorimeter heat flux.
	 All. three. figures stiuw that the feedback re;Eerence
flux i;s in c],ose agreement with the center !teat fluac. 	 ',fhe disagreement
^_
between desired and actual heat flux beyond 130 sec was considered
inconsequential to the fast objectives.	 The trajectory assignation such as
y "21," "22" or "17l" is decoded as follows ,	 i.e., the last digit 1 or 2
indicates eiCltex nominal (1) or three-sigma dispersion (2), 	 the other
;^" leading digits designate the island number (:per NASA-MSFC).
Pr1or ro performing l:np$e final ralbraranA, it w$R nbserv^`d that two.
^^	 types of bulbs were used. throughout the lamp bank array as eviden;red by two
levels: of brightness. Additional buibs were procured at MSFC, and the odd
brightness bulbs were replaced.
2.1..1 Software for the Microcomputer Controlled Radiant Ueat Test Facility
Lockheed. supplied several specialized software programs for use in the
test facility. A brief description of the test software is provided in the
following paragraphs.	 '
The software for this test facility does the following:
^	 ..
^ a
#,
f
y.
^'.,
1, Controls the lamp bank to simulate the heat rate condition the
island will experience: in flight.
2. Obtains and. records on disk, voltages from instruments on the island..
7
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3 3. Past feet data processing.
G. Plots engineering data along with ^uti+^^: ^rt,m the simulation code.
^,
~ The data are stared using an analo^t- k^,^^igit^l voltmeters a scanner, a
cloak, and a flexible disk drive..	 Exercising the. data acquisition progra^q
has determined Chat 22 is approximately the maximwn number of data channeta
that .can be recorded and stared in 1 sec.	 Tt► erQ.fo;;e, fora 1-sec sample
rate, no more than 22 data channels can be used.
A description of each of the software progra „^;: is given next.
^,
b1GPT2
This pragrAm is used for digitizing data from s pls^t using thA 967^^
^^ nigitizer.	 The data are then stored on disk. 	 ( Ttte 9874A Digitizer Goes not
work well when the plots are of a conducting medium such as pencil.) 	 The
heat rate profiles for controlling the. lamps were digitized with this
^^
program.
bIGPTl
This program is used for digitizing data from a plot using the 9872A
^.
plotter.
	
'The data are then stored on disk.	 (Use of .the 9872A plotter is
slower than the 9874A digitizer but has no problem with plats of conducting.
^^ medium such ss pencil.) 	 Tile heat rate profiles for controlling the lamps
were digitized with this program.
11
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PTDIGl
This program is used for plotting the digitized data. Data that were.
stored on disk by program DIGPTI or program DIGpT2 are read and plotted on
the 9872A plotter. The main purpose of this program is to verify the
digitized data.
HEATR3
This program controls the lamp bank with steps in control signal ..and
plots the heat rate as observed by two calorimeters. The operator signals
the end of a step at which time the data are taken. The operator then keys
in the next step in the control. signs'!. The plot of the calorimeters is in
the forr^s of heat rate versus control voltage.
HTMR4
This program turns the lamp bank on at a prescribed control voltage for
a period of 60 sec and then off .for 60 sec. Data are taken every 0.5 sec
for two calorimeters and plotted (heat rate versus time). The purposE of
this program is to determine the. time response of the heat rate to .the
control voltage at both the center of the island and the side where the
feedback calorimeter is located.
FEEDB2
This program controls the lamp bank. to follow a heat rate profile. with
the use of a feedback calorimeter. The prescribed heat rate profile, she
heat. rate used for feedback, and another measured heat rate are plotted
versus time. The purpose of this program is to determine gain factors
12
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necessary for the program to force the lamp banks to follow the heat rate
rrcfile, also, to determine adjustment factors necessary for the feedback
calorimeter to :follow .tile Meat rate at the center of the island..
f'k,EllA3
This is the main data recording program. It controls the lamp bank to
follow a treat rate prafile using the feedback calorimeter. While. this is
being done, all the instruments are read every 2 sec and the data stored on
disk..
P1tINT2
This is the main printing program. PttTNT2 reads the data written on
disk by FElanA3. The raw data krom Che. island are converted to engineering
uiizts and pr^.nted an the llt?2631A line printer.
PLTDI
This is tl^e main plotting program. PT,TAI reads the data written on
disk by FEE pA3. Raw data rrom Che island are converted to engineering units
and plotted along with the simulatoq,curves versus time. The. plotting is
done on the HP9872A four pen plotter.
FEEDB3
t
r
This program controls the lamp bank ko follow a heat rate profile with
the use of a feedback calorimeter. The prescribed heat rate profile, the
heat rate. used Eor feedback and. five other measured heat rates are plotted
versus time. The purpose of this program is to determine ttte sensitivity of
heat rate due to position on the surface of the island. Five calorimeters
are located a~, a pattern identical to the island pattern.
The. program flow charts for all the. above programs. have been forwarded
to Mr. W. B. White., EC23, under separate. cover.
13
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2..1.2	 Test Plan for Calibration of the Heat Lamp Facility Far Testing of
ET Island Thermal Sensors
The original. test plan that was used in the calibration phase of the
test program is presented in Appendix A.
	
The data obtained from Ch is phase
were valuable in develo ing the closed loo	 feedback control logic Chat isP	 P
incorporated in the FEEDB2, FEEDA3 and FEEDB3 programs.
2.1.3	 ET Instrumentation Island Tests
The ET instrumentation island test. objectives were threefold. 	 They
were;
1. Investigate a procedure to obtain the Development Flight
Instrumentation (DFI) calorimeter heat transfer coefficient on the
^ ET where there are insufficient flight data,
2. Verify experimentally the results of an analytical model calculation
to determine the calorimeter surface temperture.
3. Determine ^.€ eriperimental test could be used in conjunction with DFI
??°
a
data to obtain the calorimeter surface temperature.
The test objectives were accomplished. with a series of six runs as
^^ specified in Table 1 on the following. page.
^.
Table 1^^
^^- ET THERMAL SIMULATION TEST RUN SCHEDULE
per NASA-MSFC
Run No. Island No.	 STS-1 Trajectory Remarks
1 30 Nom. Very benign heat rate (q)
,.
2 4 Disp. q twice run No. 1
3 2 Nom. q higher and slope) run No. 1
'^
4 2 Disp. HighesC ^ for cryogenic coaling
5 17 Nom. No cryogenic cooling, similar
^, to run Z
y 6 17 Disp. No cryogenic coaling, highest
q and slope
Lockheed's main function in these tests was to	 erform the testsP as
..
specified by NASA-MSFC and to verify the accuracy of the measured data.
,^ 14
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After this was accomplieh +^d the measured. data were turned Dyer to Mr W. ^.
Wititn f EC2^, for distribution. All of the planned ET island testa ware run.
aucceaaEully. A post-Gnat facility calibration was performed, and the
.salts demonstrated t NASA-MSF 's satisfaction teat the lam facilit is+;	 re	 o	 G	 t	 p	 y
very repeatable to within 5x on heat rate. '11ie variation of heat rate
across the ET island. surface was also less. than ^^.
.s	
2.1.4
	
Software package for the Llevnlopment `testa on the SRR actuator tail
stock (Amendment l)
Loctclteed supplied NASA-MSFC with a software package that consisted of a
a	
sequence of three ItP 9825 computer programs for calibrating strain gages.
The throe programs are;
1. GAG>9 -This program is used to read. .And record. strain gage output
voltase, standard load cell output, pressure sensor outputs power
supply voltage and thermster temperature output. This progrtim prints
out the forces And raw data. and records data. on tape.
?, t'AGC4 - 'This program reads the tape File written by GAGE9 program
w	
and prints 4and p1oCS the c1Ata.
,1
3, pUAD9 -'This program plots the above data with a linear least
squares curve fit of the data. superimposed on the same plot,
2.2 5EC4ND PIiAS>a k,FFORT - ET I'OAM PAINT TESTS
Tt^e effort under this phase cons.sted of conducting heat tests on ET
foam specimens and reducing and. analyzing the above data Co determine
surface temperatures, heat fluxes and heat loads requited to discolor and
char the faam ur ace finish.f
The Ex .foam test s ecimens which were re aced li another vendor farP	 P P	 y
this teat were unacceptable in surface th^t,nocouple instrumentation quality.
15
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As a result IackhQed provided better thermocouple installation on the ET
foam samples. The test plan called or installing five in-depth
tl^ermacauples at approximately 1/8-in. depth spacing .and the use of a remote
sensing surface temperature measuring instrument for the surface temperature
data. The method which was used to install the in-depth thermocouples was
^^	 to grind a ^./2-in. aide slot at the appropriate depth starting from one
endof the specimen and termin^ ►ting at the desired location near the center
of the specimen. The remaining foam thickness could tlten be accurately
.,
measured before a 40-gage wire thermocouple was carefully placed. in the
bottom of the slot. The s1oV: was then "foamed full" using the standard ET
foam repair kit. The nominal thermocouple depths were l/8, 1/4, 3/8, l/2,
^. and 5/8 in.
The tamp bank array and associated mounting hardware was reconfigured^„	
for these tests. For this series of Cests, considering the low heat level
desired and the additional requirement that surface viewing during testing
^^
^	 ^	 was mandatory, a lamp to target distance of 12 in. was used. The 12-in
^	 distance w•as adjustable from 3 to 18 in. if required. Yn addition, a foam
^'"	 specimen holder had to be fabricated and mounted for ease of specimen
installation. The calibration plate used in the first. phase effort was cut
^^	 dawn to match the specimen size so that it could be mounted in the same
holder which was approximately a 12 in. square. The machi+^ed surface
,,	 specimens were approximately one inch thick. The rough a -sprayed specimens
varied in thickness from 1.25 to 1.50 in.
u
	
	
The test software requirements consisted basically of three separate
programs. They were:
1. A calibration ro ram which reads and lots the out utP g	 P	 P
from. five calorimeters plus the reference calarimzter
as a function of time and power level.. The five
calorimeters will be located in the test specimen area	 j
and will provide the heat rate d^.stribution data. in
this area.
2. The on-line master test :program which controls the5	
incident heat flux to the specimen surface as indicated	 ',
'^„
16
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by the reference calorimeter and the input heat :rate
^"	 versus time profile and records .the data from six.
thermocouples and an infrared. scanner.
3. The data reduction program Which is an off •^line program
that performs. three functions immediately after the
test.
r	 a, Reduces date to engineering units.
# 	^ b. Generates anal tical temperature results using aY
simple one-dimensional thermal model for comparison
^'	 with the data at the surface and at various depths,
and
c. Plots the results Cnr comparison purposes,.
These software programs were assembled, installed and checked nut. on the
computer aC the test site.
I	 The test facility was then recalibrated for the test configuration,
^,
i.e., lamp to specimen distance. During this calibration work it was
^	 discovered that the remote sensing surface temperature instrument was not
^'	 functioning properly and was therefore not used.
'>
+^.	 2.2..1	 ET Foam Test Results
^..r$
The. main test results obtained are summarized below.
1. The thermal model for the. CPR 488. foam samples which have a painted
E,
surface must include the surface paint thickness in order to obtain
'"	 .agreement with test data. Thermal model. results obtained are
compared with the in-depth thermocouple data in Figs. 7 and. 8. The
^'
 ^y
	 thermal model used. was a finite element model and not the simple
^	 one-dimensional model. contained in the system software which. could
	
f	 not handle the surface paint thickness. The analytical results
	
^ ^"_	 shown in Figs.. 7 and 8 were obtained using the Lockheed in-house
t	 ;^	 ^. L
PJP-ll computer. The two measured thermocouple depths of 0.3564 and
F
0,636 in. appear to be off when compared with the good agreement
between analytical results and data at the other three depths. A
17
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Fig. 7 -Comparison of Finn:. ElemenC Thermal Model. Results and In-Depth
Temperature Data. for Heat. Rate Level 0.25, Test. SLB6B
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depth error of 0.40a in would account Eor the diNCrepancy between
analytical and. mesieured temperatures. Although, care. was taken to
minimize thermacoup.%e mavement durinS th^Q ".fawning in place"
process, the liquid. foam could have pushed the thermnsauple up as
the foaming was occurring. However, the. main item of interest is
the paint sr^rface temperature results. Unfortunately we have na
measured data far comparison an these two figures, but on subsequont
Figures excellent comparisons with data will be shown.
	 The. thermal
properties used for the CPR G89 Foam were. obtained Pram Mr. Rick
Wachtel, BP4G.
	
A foam density of 2.2 lbm/f t 3 was. used.	 The
specific heat is shoctn in Fig. 9, and. the therms]. conducit y ty is
r	 shown in Fig . . 10.	 The 95X. upper confidence line shown in Fig. 10
was used.	 Tl^e paint thickness on the test specimens was measured as
0.007 i.n.
	 The paint density specific heat and thermal conductivity
used. were ^7 lbm(Ft^, Q.S^i BtuJlbm-F, a^Y^^ 0.19 Btu/hr-ft-^. 	 These
properties were obtained from various sources for latex ba+^ed
^	 paints.	 Lockheed has requested MSFC to confirm these properties,
s^
but. no reply has been received to date. The lamp bank radiation
absorptivity used: was 0.71.
2. The Martin installed surface. thermocouple (TC) must be shielded Exam
^'	 the lamp bank sad. in goad. thermal. contact with. the painted surface
for it to indicate close to the actual temperature as shown in Fig.
ll. Without the radiation. shield ., the. surface TC will indicate
higher than actual temperature. Future. foam samples should have. the.
^	 surface TC under the surface paint film.
3. The surface paint temperature at which the white paint turns black
is between 255 F and 350 F. The 25S F temperature was obtained. in
#: `'	 the radiant lamp facility using shaded TC data. along with the
^.
thermal model results. In the radiant lamp facility,. the white
P'	 paint turns black almost instantaneously at a given. temperature..'^
When the paint first starts to change color, the radiation
absorption increases thereby hastening the blackening process. Far
20
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this reason, 300 F temperature is considered a lower number.
Similar samples were exposed. to a 1200 F convective heat source in
the Lockheed laboratory and. the 350 F temperature was obtained.
Here again the surface thermocouple was pressed into the paint from
'^ the surface and a .protuberance was evident. 	 Therefore, the 350 F
^^ temperature is probably the upper limit.. 	 For the results indicated
in Fig. 11 the t^ao samples exposed to a Q i
 of 1.25 and 1.00 turned
black in the indicated range. 	 Fpr Q i
	1.25 this gives an
indicated heat load range of 21 to 22 Btu/ft 2 .	 For Qi
	1.00
the indicated heat load range of 24 to 27 Btu;ft2 is obtained.
For Qi
	0.75 the panel did not turn black, although it
g
experienced a heat load of 31 Btu/f t 2 .	 However, it appears that
if the panel. had been allowed to heat for 10 sec. more, the paint
^+
temperature would have exceeded 255 F and it probably would have
turned black.	 Based on these results, it appears that paint
. temperature criteria as opposed to heat flux or heat load criteria
is better for determining if paint will. turn black.
r a,
4. The time required to darken an unpainted as opposed to a painted
foam suufce is almost 75^L longer. Tests were conducted in the
	
;^	 radiant lamp facility and in the Lockheed laboratory using the 1200
:,
F convective heat source. Measured surface temperature results
	
f,	
obtained in the 1200 F convective heat source indicated that the
foam surface turns brown at approximately 500 F. These results were
preliminary and future tests must be conducted to confirm them.
^,
2.2.2 ET Foam Test Results Correlation with Flight Data
Analyses were conducted to relate the ground test results with the
^.^~
flight video data. The flight video data .fox STS-2 consisted of still
^,
^_	 photographs taken at various times during staging of the ET. Using the
a	 ,,,
photograph data as a guide,: Fig. 12 was prepared. Shown in this figure are.
;^
the burned paint. axeas denoted by the cross hatching. Also shown in Fig. 12
`	 ^	 are the. various Rockwell International (RI) defined Body Point ocations
r
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^^ denoted by small crosses. 	 Also shown are. the 0, 60 and 90 deg longitudinal.
sines an the gT.	 Shawn. in Fig. 13 are the predicted nominal STS -2 heat load
3
^g
distributions along the various longtudi^tal lines and the areas of white
paint.	 Figures lG, 15 and 16 provide further predicted heat load
^:.
clarification.
' Tk ►e ET for STS-3 is approximately 1200 lb lighter without. its coat of^n
paint.	 Tlie ET surface area is approximately 12,^6G ft 7 .	 Assuming a paint
density of 97 lbm/f t3 results in an average paint coating of 0.012 in.
The STS-2 preflight. heat profile prediction for RI t3ody Point 93129 (Fig.
12) was used along with the thern ►al model to make paint temperature
^-
estimates for ST5^2.
	
The RI Body Point is located in a white paint arQa.
The thermal model results are presented in Fig. 17.
	
Shown in Fig. 17 are
surface temperature time histories for various paint coating thicknesses.
"' The uncertainty of 0.006 in. in paint thickness results in a 60 deg peak
temperature diFference. 	 This big uncertainty means that only qualitative
results can be obtained from this study.
	 Also shown in Fig. 17 are the
^, durfaee temperature results for no paint coating.	 This temperature peak is
^ only 390 F which is much less than the S00 F temperature required to turn
bare foam. surface brown.
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Notes :T
1. initial ^ 0 F
2. k^nvironment for STS-2 I^'ligl^t
Body Point — 93129
load ^ 66.47 Btu
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.Section 3
CQNTRACT AND SUMMARY CONCLUSIONS
Ths first effort under tUa contract resulted in s very valuable test
facility for r15),C i» Fiuilding k755, Room. 122. `The microcomputer radiant
lamp facility is extrerr^ely versatile in terms of heat profile input atld test
heat flux output¢ This effort proved that a microcomputer controller as
opposed to the old Data Trek system results in a tremendous increase itt
facility utility and output. Tlie microcomputer controls not only the lamp
bank according to n .set of prescribed input conditions but also records,
stores, reduces, prints and plots the data immediately following the test.
ThE! second phase effort resulted in expanded knowledge xegardng ET
foam paint oharring and turning blank• Comparisons and correlations . were
r-	 made relat^►^g the ground test results to flight. The mast significant
`	 31
results of this effort were that the white painC turns black between 3.00 F
and 350 F and the unpainted. surface will darken around. SQO F. This effort
also pointed out thae far future tests NASA-MSFC should consider adding a
hat convective heat source to the facility to more closely simulate flight
conditions. In this way, the test engineers would have a choice on the mode
of heating far the test, either rad;.ant ar co ►avect,ve
'^
^^.
^t
i^
r
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Appendix A
CALIBRATION TEST PLAN
General: A test setup was developed to test the Chermal sensors on Che
'^	 ET instrument islands mounted on an LN2
 tank, The test facility consists
of a radiant lamp array and associated controls. The power supply for the
?	 lamp array is controlled by a program controller which accepts input from a
r computer. The planned. tests require the test facility to provide. a heating
rate / time profile typical of that shown on Fig. 4. To produce this type of
profile it is necessary to know what input to feed from the computer to the
rest of the system. The calibration tests described. herein will provideas
this input and demonstrate the results,
To conduct these calibration tests, the lamp array will. be turned
^^	 around 1HO deg. A calibration model. ar plate with .five water cooledi^
^^.	 calorimeters. will be fabricated and mounted 3 in. from the front of the lamp
array.. ( The calorimeters will be recalibrated before beginning the tests.)
^'
'{	 The calorimeter plate is mounted on "unistrut" bars so it can be moved
^.
horizontally and vertically for surveying heating rate distri.buti ,ons, This
calorimeter plate. is approximately the same size as the Lamp array to
account for multiple reflection effects. The calibration rig. will a sa have
a reference calorimeter permanently mounted to ona side of the. lamp array..
This will be used in the future to provide feedback information for the
-' control .program.
	
This reference calorimeter will be placed 9 in.
	 1.eterally
_, from the lamp centerline and 2 in. from the front of the lamps.	 The
facility will be operGted in an open loop mode for these calibration runs.
The tests will be accomplished in three .phases as follows:
^.
phase I - Genez^ate Curve of Incident q Versus ".Power Setting."
To bgenerate this curve the lamps are	 rought on at a lower level, Sl. oi:
full scale, and held. for 60 sec, then a step increase in power level is madE;
A-1
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^_. Ca 1QX and halal. for another GO sec., and eo on until.,	 heating rata level of
fi 13Cu/ ft^-sac is obt^tinad.	 (Tins is expected at about ^i0^ of full scale
power level.).	 fir±am t}te resulra of Chis exercise a curve of incidenC heatns
rata to the calorimeter plate versus powar level setting will be obCained.
^_
phase SI _ GF:nexate Responaa - Time Curves
From Cite data generated in Phase I, power settings era selected ro
produce hearing races of 1, 2, 3, k, ^ and 6 l3tu/Ct Z^-sec.	 21^ese constant
settings are then input Co the computer and response time curves (for
Teat-up and cool-down) era generated ah each. of these levels.	 Power is
turned. on for G4 sec and then Corned off at each power setting . .	 Fesults era
a then ploCted.
^_
phase. IrII -Generate Typical Flight Heating Rate prafil.es
Using the results of Phase Z and Phase YI, the. computer inpuC/powar
setting requirements will be determined which will pxoduce two Cypical
f^ighr heating rate -time profiles.	 The two selected profiles represent the
maximum and minimum heat-up and cool-down rates.
	 T}^ese two profiles era.
then run and the results recorded.	 T}^e reference calorimeker readings are
also recorded for n ►onitorn
	 t}^e lam	 out ut in future thermal sensor tests.8	 p	 p
	
.:	 If the heat-up rate of the lamp array is not. capable of matching the
flight profile, this can possibly be overcome by using either higher power
`^
bulbs or mare bulbs per reflector. If the cool. -down ante is not fast
enough,. then a &hurter arrangement .should be added. However, neither of
these is expected Co be a problem.
	
a	 If the lamp output. does not match. exactly the desired profile, some
fine tunin will be necessar and the rofiles rerun until the are8	 y	 p	 Y
acceptable. A deviation of 10^ of the desired heating rate is reconunended
as an acceptable range.
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Phasn_xV - GEnerate trateral and Vertical Neatin^Rate Distributions
It is desired to know how tine heating rates vary with distance away
from the island center.	 The calorimeter plate is moved up and down and.^
literally in increments of 4.25 in. and. readings taken out to	 5 in.	 ^'he
nominal center paint heating rate used will. be G 33tu/ftz-sec
^-
Safety ..Nate.
'^ xhe following safety considerations should be abservedt
^' •	 Have two large fire extinguishers on hand at test site.
^,
• Have ►Hain breaker /cutoff readily accessible foz emergency shutdown
^^	 of all components.
}1^^,,	 • Check flow rate of exhaust fan to be sure it is capable of removing
K^
all exhaust fumes, etc.
• Provide a fireproat curtain around the calorimeter rig to shield
Y
^.	 other items in the room from "stray" radiant heating .from lamps.
^^
	
^^	 A-3
	^; ^r
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